Objective: To investigate the agreement between two international criteria for classification of children and adolescents nutritional status.
Introduction
The increasing prevalence of obesity among children and adolescents was one of the main themes on public health research in the last decade (1) (2) (3) (4) (5) (6) (7) . Based on observations of greater probability of clinical manifestations among children and adolescents with excess body weight (8) (9) (10) , obesity is considered a serious risk factor for morbidity in adult life and is currently characterized as a major public health issue (8) .
Among the evaluation measures, body mass index (BMI) is the most frequently used to characterize the nutritional status of young people and adults. However, the variability of anthropometric measures in children and adolescents in the same age group causes confusion in the use of this measure. Observing this limitation, two institutions, the World Health Organization (WHO) and the International Obesity Task Force (IOTF) developed, with international samples, cut-offs to classify the nutritional status based on BMI, considering age and sex.
In 2007, the WHO published new cut-off points for BMI in children and adolescents (11) . In this publication, two different methodologies were used to develop the cut-off points. The classifications for children aged up to 5 years were established with the use of databases from prospective studies with followup since the prenatal period. To do so, a strict control was required and samples from different countries were selected and monitored based on criteria such as type of delivery, breastfeeding, and presence of diseases. Therefore, only children with the best environmental conditions to favor physical growth were included. For children older than 5 years, there was a renewal in previous cut-offs, from cross-sectional studies and, after new mathematical analysis, these were published. Regardless of age, the WHO presented, from these points, six different classifications of nutritional status (BMI).
The IOTF, in 2000, presented the proposal of classification of excess weight and obesity, building its curve based on BMI values of 25 and 30 at 18 years and suggested classifications divided by age and sex. In 2012, they released an update of the cut-offs proposed in previous years (12) . For this, international samples were used, and the sample selection was based on national representativeness; thus, with 97,876 boys and 94,851 girls, the IOTF presented the construction of the curve based on the method of the LMS curves (skewness, median, and coefficient of variation) and proposed cut-off points for BMI, which resulted in 6 different classifications, similar to the WHO, from pronounced thinness up to severe obesity.
Methodological differences in the formulation of the cut-off points between IOTF and WHO are evident and, consequently, were intensified in the comparisons between the criteria in recent years. The initiative was justified, in most studies, by the attempt to facilitate decision-making regarding the criteria to be employed. However, the main publications performed the comparison by dividing the group into two classifications (normal weight and overweight) and, in some cases, into three classifications (normal weight, overweight, and obesity). As shown in some studies on children International Obesity Task Force and adolescents, differences in the appearance of clinical signs may be observed in the comparison between obesity and severe obesity and, by aggregating these categories, manifestations tend to be diluted. If compared to overweight and normal weight, they may not indicate the actual severity of the risk attributed to severe excess weight or, in other cases, to pronounced thinness.
Thus, the aim of this study was to investigate the agreement in the classification of nutritional status (in six categories) of children and adolescents from two international criteria.
Method
The study sample was extracted from four research projects. The first consisted of a sample from the municipality of Maringá, state of Paraná, and the second was composed of children and adolescents from Rio Claro, state of São Paulo. The third group was composed of participants from an interdisciplinary program for the treatment of obesity in the municipality of Guarapuava, state of Paraná, and the fourth contains a sample from the municipality of Londrina, state of Paraná. The four groups totaled 1,641 participants, from 6 to 13 years, divided into 778 girls and 863 boys. Therefore, the study is characterized as a descriptive crosssectional study. Those responsible for the projects approved the use of the databases, and all projects were approved by the local Research Ethics Committee in the region of each survey. Participants and/or their parents/guardians signed a consent form for the research and publication of data. The sample's nature in this study does not characterize a methodological problem, since the correlation analyses refer to the classification of the same subject in different methodologies.
Anthropometric measurements were performed by experienced professionals and the techniques used in all projects were based on the same protocols. Measures of body mass (BM) were obtained with a digital scale with accuracy of 0.1kg. Height was measured with a stadiometer attached to the wall or wooden, with a precision of 0.1cm, following the guidelines in the literature (13) and, from the ratio of MC by height squared, we obtained the BMI. The classifications of BMI were performed according to the cut-offs for age and sex proposed by the WHO (2007) and the IOTF (2012) (11, 12) . The classification process was conducted by 4 researchers in 2 different ways: manually and by conditional equations performed in the software Microsoft ® Excel 2007 (Redmond, Washington, United States). At the end of this process, data underwent a procedure for conference and comparison. In case of divergence, the result was corrected.
Data analysis was divided into two stages. Initially, the degree of agreement between the criteria (WHO and IOTF) was verified with the Cohen's Kappa statistics and the percentage of agreement. At this stage, we considered the six categories of classification of nutritional status. Additionally, we used the weighted Kappa statistic method, which confirms the agreement of the classifications assuming different weights according to the distances in the categories between the criteria. (14) . In the second stage of analysis, the classification categories of nutritional status were clustered, resulting in only two: eutrophic (thinness + pronounced thinness + eutrophia) and excess weight (overweight + obesity + severe obesity). The results of prevalence were compared using the McNemar paired test. Data were presented in absolute and relative frequencies. The level of significance was established at p<0.05. Data were analyzed with the Statistical Package for the Social Sciences (SPSS), version 20.0 (IBM, Armonk, New York, United States) and GraphPad (GraphPad Software, Inc. San Diego, California, United States). Table 1 Figure 1 shows the Kappa index according to age range and sex. In the age range investigated, a better agreement is observed in the classification of BMI for boys.
Results
To detect excess weight, data were divided according to the classification of the nutritional state in two groups: Normal and Excess weight. There was an excellent agreement for the classification of BMI in boys (0.91), while in girls the agreement was high (0.77) ( Table 2) .
In Figure 2 , we showed the Kappa coefficient for the classification of excess weight according to age and sex. The difference between boys and girls can be observed and these agreement results were higher than those found in Figure 1 .
Discussion
As a differential feature of this study, we can mention the analysis of the degree of agreement of the group when classified in all categories of nutritional status. We began the analysis of the results by investigating the concordance when all classifications in general were applied (from pronounced thinness to severe obesity) and there was higher agreement for boys in relation to girls. This result is contrary to findings in the literature (15, 16) , which show higher agreement results (Kappa) for girls. However, Kappa values were similar to those found in this study, between 0.71 and 0.96.
In the study by Dumith and Farias Júnior (15) , when participants were divided by age, values for agreement were higher in ages from 13 to 15 years and for girls. Moreover, the lowest Kappa coefficients were observed in younger groups, from 7 to 9 years, in boys (15) . However, in the present study, we observed different results, as evidenced by the higher Kappa coefficient for boys. Furthermore, ages between 7-10 years for boys showed the highest values for the Kappa coefficient.
When classified only in normal weight and overweight, the Kappa coefficient underwent changes. We observed a higher value than the results presented for the studied population divided into six categories of body mass (Table 1) . However, the values of the Kappa coefficient remained higher for boys (0.91; 95%CI 0.88-0.94) in comparison to the girls (0.77; 95%CI 0.77-0.81). It is also observed that the prevalence of excess weight both for boys and girls was different comparing the WHO and the IOTF (p<0.001; McNemar test).
The results of comparing the proportions between different overweight criteria were shown in several studies. In the study by Monasta et al (17) , the prevalence of overweight and obesity was higher when using the IOTF cut-off points (15.3 and 3.1%) compared to those by the WHO (3.4 and 1.5%). Interestingly, the opposite was observed in the study of Dumith and Farias Junior (15) with school children; in the study by Twells and Newhook (18) with preschoolers, the prevalence of both overweight and obesity was higher when using the WHO cut-offs in comparison to those of the IOTF. Moreover, in the study by Clemente et al (16) , the classification of the excess weight alone, according to the proposed by the WHO, also showed higher prevalence of overweight compared to the IOTF (16) . It is known that the likelihood of cardiovascular and metabolic disorders is higher in overweight individuals. Zimmermann et al (19) sought to verify the validity and accuracy of cut-offs used by the Centers for Disease Control and Prevention (CDC) and the IOTF to detect overweight and obesity in comparison to the fat percentage. The IOTF cut-off points presented lower performance for predicting obesity between 40 and 50%. However, this study used the IOTF cut-offs from 2000. Another study examined the association of cardiometabolic risk with overweight and obesity, classified according to the WHO and the CDC. The results suggested that the WHO cut-offs do not add advantages to detect associations between cardiometabolic risk and overweight/obesity in children and adolescents (20) . The result of this study should be analyzed considering some limitations. The main one relates to the possibility of generalizing only the results of prevalence, which was restricted due to the insertion of projects with different objectives and methodologies for the selection of participants. However, the sample size, the heterogeneity of the group regarding age, and the use of new cut-offs strengthen the study. Moreover, an important result is related to the investigation of the agreement when the subjects were classified in all categories of nutritional status. Confronting this result with the degree of agreement when subjects were classified only as excess weight or not, the first category had lower values, demonstrating the importance of considering several classifications of nutritional status. This fact was also confirmed by applying the weighted Kappa coefficient, which presented the correlation taking into account the distance of the ratings. The results indicated that the discrepancies observed between the criteria differ for similar ratings, since the weighted Kappa was higher than Cohen's Kappa for both sexes.
This evidence becomes important due to the results recently presented by Farrant et al (21) and Marcus et al (22) , who compared moderate and severe obesity to metabolic and psychological risk factors, and indicated that interventions should be prioritized for severe obesity. In the present study, we compared the results of the WHO and the IOTF, and obtained a higher prevalence of severe obesity in girls using the IOTF (3.1%) compared to the WHO (2.8%); for boys, there was greater prevalence with the use of WHO (5.3%) versus IOTF (3.4%). We suggest further investigations to assess the validity and accuracy of the classification of the IOTF and the WHO cut-offs for BMI regarding the detection of extreme situations such as severe obesity, including other variables related to health risks.
We concluded that the correlation between the classification of nutritional status by the WHO and the IOTF was characterized as substantial, but this result was modified according to age and sex. The result does not indicate which is the best criterion to be adopted in the face of discrepancies. Therefore, it is suggested that investigations using classifications with a larger number of categories of nutritional status consider the application of both criteria.
